The article is devoted to the analysis of geographical, geological, technological and economic prerequisites of creation of a gold mining cluster in Russia as one of the organizational forms promoting consolidation of material, financial and personnel resources for implementation of technological innovations, in particular preliminary beneficiation in the developed modern conditions.
In the equations (2) -(4) the Q -the volume of the rock mass production per unit of time, C -the average metal content contoured reserves, the R -dilution of broken rock mass, J -through extraction from it metal, P -its losses during the recess, and processing, З and Ц -production costs and metal extraction and the unit price, the W -integral index, which takes into account the probability of finding a mining facility in working order, including due to accidents.
From the expressions (1) - (4) shows that the effectiveness of the Gold Mining Industry (GMI) is determined by the quality of the mineral and raw materials sources (МRMS), technological level and economies of production, which depends not only on interior but also on external factors, metal prices and exchange rates, generated speculative gold market and geopolitical circumstances.
It should be noted a certain imbalance in the interests of the State responsible for national security and the owner of the subsoil and the (GMC) -exploit them, managing the extraction of the metal at its own discretion and in its own interests.
Condition of gold mineral resource base.
GMI Russia developed extensively the last 15-20 years, increasing the production of metalworking off previously explored fields, the development of new ore processing technologies (Table 1) .
World production of gold also increased due to the implementation of projects of deposits development with sufficiently high metal content and the commissioning of new processing facilities (Table 2) . The balance is now being handled holdings of major deposits of gold content varies from 2,0 ÷ 3,0 g / t. And with the launch of the 35 largest projects implemented in the world for processing raw materials involved with the content already 0,2 ÷ 1,0 g / t (14 projects or 40% of the total); 1.0-2.0 g / t (10 projects -29%) and only 11 projects (31%) provide for the processing of richer ores (Table 3) .
The primary deposits of the metal are in the form of individual nests, inclusions and veins. The role of secondary deposits (placer deposits derived from primary deposits as a result of destruction of rocks under the influence of geological, atmospheric and hydrological processes) is continuously declining as their mining.
More than 42% of the world gold reserves are concentrated in the fields of metamorphic golduranium conglomerate, the largest of which is the Witwatersrand in South Africa and Jacobina in Brazil and Tarkwa in Ghana. Localization of the largest of them -the Witwatersrand in the orebearing area of 350 km and a width of 25-100 km with an average metal content of about 11 g / t. 2006  2007  2008  2009  2010  2011  2012  2013  2014  2015   143  168  164  163  184  205  203  211  225  255  289  293 1,0 +17,5 -2,4 -0,6 +12,9 +11,4 -1,0 +3,9 +6,6 +13,3 +13,3 +1,4
World production of gold also increased due to the implementation of projects of deposits development with sufficiently high metal content and the commissioning of new processing facilities (Table 2) . Now projects with high gold content practically none. There has been a steady trend of depletion and deterioration of the quality of МRMS ( Fig. 1) [3]. [5] .
The structure of developed mineral deposits is changing with time. Reduced share of gold-bearing conglomerates, increased -of large gold-copper-porphyritic and gold-silver deposits, which is associated with working off of deposits on the surface, with the development of deposits in clastic strata, promoting geological prospecting (GP) and mining operations to a depth of 3-4 km (Table 3 ) [6] .
In the foreseeable future gold production is also associated with the search and geological exploration of its deposits in the earth's crust, which spent from 30 to 70% of all of the resources in the last 30-35 years ( Fig. 2) .
However, despite the impressive cost and expand the geography of search, gold reserves growth is ensured in recent years mainly the exploration of ore fields, adjacent to the fields exploited or spent, with more and more low metal content. However, despite the impressive cost and expand the geography of search, gold reserves growth is ensured in recent years is mainly the exploration of ore fields, adjacent to the fields exploited or spent, with more and more low metal content. The probability of discovery of new large and rich gold deposits on the surface continuously decreases, despite significant not surveyed areas in Siberia and the Far East. The exploring complicates by dispersion, geological and technological diversity, and harsh climatic conditions.
State gold mining technology
Despite the depletion of МRMS and permanent economic crisis, gold consumption is growing. (Table 2) .
According to experts, with the annual production of gold in 2500-2700 tonnes and consumption in 3200-4500 tonnes of its global reserves will be exhausted within 30-40 years. МRMS major producing In the foreseeable future gold production is also associated with the search and geological exploration of its deposits in the earth's crust, which spent from 30 to 70% of all of the resources in the last 30-35 years (Fig. 2) . However, despite the impressive cost and expand the geography of search, gold reserves growth is ensured in recent years mainly the exploration of ore fields, adjacent to the fields exploited or spent, with more and more low metal content. However, despite the impressive cost and expand the geography of search, gold reserves growth is ensured in recent years is mainly the exploration of ore fields, adjacent to the fields exploited or spent, with more and more low metal content. The probability of discovery of new large and rich gold deposits on the surface continuously decreases, despite significant not surveyed areas in Siberia and the Far East. The exploring complicates by dispersion, geological and technological diversity, and harsh climatic conditions.
Despite the depletion of МRMS and permanent economic crisis, gold consumption is growing. From 1970 to 2012 by 3.3 times, including by increasing its use in jewelry productionby 1.8 times, in the electronics industry -3.4 times, metal accumulation in the form of bullions and coins by financial and investment organizations -in 10.6 times ( Table 2) .
According to experts, with the annual production of gold in 2500-2700 tonnes and consumption in 3200 -4 500 tonnes of its global reserves will be exhausted within 30-40 years.
МRMS major producing countries will provide them in the next 15-20 years at the level of countries will provide them in the next 15-20 years at the level of production of metal more than 200 tons each, and then the inevitable will happen production decline. This forecast is partly confirms the decline in world gold production in the second and third quarters of 2016 for the first time in the last five years and the continuation of this trend should maintain or increase the current metal prices [8] .
Depletion of МRMS accelerates gold mining open pit using high-performance mining equipment from large deposits with low gold content. With this method, 65% of the projects are being implement today, while investing in them exceed those for underground mining tripled.
However, the more complex and expensive way to mine production, surpassing the capital intensity of the open method of 1.8-2.0 times, but noticeably higher than his average gold grade of the ore, gold production is much more modest, reflecting the low efficiency of investment, involvement in the processing ever more of poor ore, reserves of below standard and off-balance raw.
Condition of gold mining economy
The drop of the price of gold in 2013 to the level of 1900 to 1200 $ / troy ounce (t.o.) (Fig. 3) exposed the negative circumstances of GMI Russia, including low planning "gap" between the price and production cost of 10-15%, corresponding to the ratio of costs to price З/Ц about 0.9 [1] . This prompted the Bank of Russia to a change macroeconomic conditions weakening of the ruble rate against the dollar, users of entrails of the earth -to reduce operating costs, "freezing" and sale of not profile assets, and a budgets reduction of exploration, reducing the rate of reproduction of reserves, investment ratings of companies, increasing capital investment risks. Research has shown that if the cost price does not exceed 50%, than a reduction of 10% in the price will result a fall of profits no more than 25%. When the share of the costs is above 80%
Research has shown that if the cost price does not exceed 50%, than a reduction of 10% in the price will result a fall of profits no more than 25%. When the share of the costs is above 80% the same level of price reduction will "bring down" the gross profit of the company by 50-100% [1] . A prime example is the story of the development of the Natalka miniral deposit, which started in 2011 with a projected cost in 1600 $ / t.o. with the price of gold in the range 1800-1900 $ / t.o, but was suspended in summer 2014 due to the drop of price to the level of 1200 $/ t.o.
Thus, a key factor in the development of GMI becomes quality of МRMS, characterized by the size of the reserves, territorial accessibility and depth of their occurrence, power and technological properties of ores and the main indicator -the average metal content. Processing poor and refractory ores using sophisticated technologies increases the cost and loss of the metal, reduces profitability of processing, strengthening a dependence of the gold economy not only from the quality of МRMS, but also of the price.
Given that the choice of rentable sources of metal is shrinking continuously, the impact of МRMS price and quality can be reward only by reducing capital and operating costs, improving technology and the transition to a new technological order, which will provide the raw material processing with a gold content at 0.5-1.0 g / t with an acceptable profitability.
Possibilities of increasing the efficiency of the gold mining companies
Companies react to adverse fluctuations of prices and exchange rates escalating volumes of extraction and processing of ores, increased metal content in raw selective extraction, the current measures for reducing the production costs, including exploration.
Opportunities to increase production capacity are limited by power of dressing and metallurgical industries and their expansion requires significant resources and time. So the ratio of capital expenditure for the construction of the mine and the processing complex is about 1:3 to open-pit mining (from the underground -a 1:1), with the metallurgical beneficiation concentrates -1:4 or more (according to underground mining -in the range of 1:2 to 1:3). Consequently, the operational capacity of metal production with minimal costs is only possible selective mining of the rich and high-quality ore, but is acceptable only as a temporary solution: in a crisis, at the peak of the repayment of debt, due to the technological need, etc. Long-term use leads to its accumulation in the warehouses of the poor and sub-standard (off-balance) ores, which may partially mixed with to ores of current production during periods of high gold prices, but generally require additional expenses for the organization of their processing.
Within 2-3 years a metal production can be extended with eligible costs, involving in working off inventory of below-standard and off-balance materials with crushing and screening the pre-enrichment systems (PE), as well as the excretion of the breed and processing of concentrates produced by heap leaching (HL).
Capital and operating costs for the organization of the software are comparable to those for offices ore preparation concentrators. Costs for the construction of installations HL usually do not exceed 30-40%, while operating costs -60-70% of those in the case of processing of raw materials on the standard metal enrichment and extraction by bio leaching and lixiviation in digesters of concentrate froth.
In Russia, there is not any large-scale and successful experience in industrial application PE gold ores. A gold recovery HL varies between 55-75%. [9, 10] .
The use of HL is also limited by economic expediency of ore pretreatment by crushingpelletizing raw materials with the content of 1.0 g / t and up. For the rock mass (from the stripping zone of contact "ore body -the host rocks", internal layers, dykes, etc.) with a metal content of 0.5-0.7 g / t ore preparation is generally unprofitable. However, without it extracting falls to level of 50-60% and lower.
In Siberia and the Far East HL becomes complicated with climatic conditions, where the installation operate no more than 6-9 months of the year, requires heating the reactants, the use of coatings, that ensures the temperature in the heap is not below -3 °C, reducing an entering the precipitation. In remote areas, the use of HL is complicated with lack of infrastructure, logistics, with deficit of qualified personnel. In addition, because of the danger to personnel and the environment HL requires high production discipline, controlled by the supervisory authorities.
These shortcomings are lacking in intensive cyanide processes of the ore material (middlings of gravity dressing of ores in centrifugal concentrators, cleaning on concentration tables, etc.) size of less than 2 mm and a gold content of 100 g / t and up to special leaflet devices (reactors with saturation pulp with oxygen, hydrogen peroxide, ozone, sometimes is heated up to temperatures of 60-90 °C).
Adverse circumstances do not constitute a complete reduction of capital investment in new mining projects, as it will stop the growth of production, will have a negative impact on the investment attractiveness of companies.
During the period from 2013, GMC almost exhausted interior, seek external opportunities to increase its reserves, reduce costs, mainly by companies merger into larger holdings, associated with use of organizational and technological innovation, has not yet practiced.
A reducing of costs, an increase of profitability and competitive advantages of the group of companies cluster provides their organizations through the optimal placement and cooperative mining and processing industries, service and engineering centers, which focused on certain area. Compared with the holding cluster, combining the interests of its members facilitates the consolidation of material, financial and human resources. [11, 12] . Exploration experience in the Natalka field and Sukhoi Log, and Olimpiada Nezhdaninskoe indicates that the related with them metallogenic province forms in closed ore-forming systems, identification feature which is concentric structure, dimensions, and three-tier structure. In the center is there "nuclear" concentration zone, surrounded by "transit" area of lower grades of gold, surrounded in turn "front" area of higher concentrations. The geological structure of ore-forming systems and geography metallogenic province determines the territorial location of mining and processing facilities, related infrastructure, logistics and service. Experience shows that the clusters respond with more flexibility to changing market conditions, provide a cost-effective development of small and medium sized groups, remote and difficult fields of joint processing of their raw materials a single production center (the processing hub) with the effect comparable to working off a large deposit.
However, it is difficult to imagine large-scale introduction of clusters without the participation of the state, because the need of effective field development control mechanisms, deterring spontaneous development of GMI, compliance with environmental requirements, standards of responsibility to the shareholders of the GMC, the state and employees.
The State limit oneself to measures of legal regulation, trying to encourage them to subsoil management and full use of reserves, to the primary processing of complex ores with minimal loss of useful components. However, the effectiveness of mechanisms for review and approval by the authorized state bodies (Rosnedra, Rostekhnadzor) design and technical documentation for field development, approval standards losses of minerals during their extraction and primary processing, low. At the same time the mechanisms of financial sanctions, withdrawal of licenses, coordination of economic activity GMC producing strategically important for the national security of the metal in an unfavorable international situation for Russia, hardly used.
Finally, to achieve the goals declared by State is necessary to raise the technological level of GMI, and national security interests require not only foreign, but also domestic innovations, the creation of that require targeted funding priorities of scientific research and development work from centralized specialized funds, generated, including by GMC deductions.
The most promising known innovations in GMI seems the technology of preliminary enrichment of broken rock mass of size -300 + 5 mm due to separation from it diluting rocks, using different physical methods, including the so-called radiometric enrichment (RE) [13, 14] .
In theory, analysis of numerous results of bench and pilot tests, the long experience of the RE ores of deposits Muruntau, Kokpatas on Novoiyskom Mining and Metallurgical combine in Uzbekistan show the possibility of excretion to 70-90% of the rock [15] [16] [17] [18] [19] , what will make possible:
Firstly, to increase the gold content in the feedstock by 3-5 and more times, with the extraction to 90-95% of the metal, with content of gold in the depleted product (pre-enrichment tails) up to 0.1-0.3 g / t ;
Secondly, the reduction up to 50-60% of the total costs, improved cost-effectiveness by several times of the metal production;
Third, the up building with lower cost of the geological and exploration work, by reducing the cut-off grade of economically viable reserves of deposits;
Fourth, the decline at times of capital expenditures because in the scheme of preliminary enrichment increases by several times the power capacity of the mine regarding the power of dressingand-metallurgical treatment;
fifthly, decrease several times loads of the environment due to reduction of emissions of fine tails of enrichment, etc.
Conclusions
Thus, in GMI formed a range of problems, which resolution requires an accelerated implementation of organizational and technological innovation, strengthening the state's role as a catalyst and regulator of qualitative changes in GMI, a higher level of interaction between the State and business.
The main lines of organizational and technological innovations in this time can be:
1. The use of cluster forms of accommodation organization and cooperation of the mining and processing industries, service and engineering centers, concentrated on certain territory.
2. The use of the pre-enrichment, which will reduce significantly the cost of further processing of ore extraction and improve profitability, as well as the creation of additional mechanisms of stable functioning of the GMC, under de conditions of uncertainty with reserves, conditions of demand and market forces as a whole.
The economic effect of the proposed organizational and technological innovation is determined by the scale of it application in each case.
